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ABSTRACT

A computer model is developed for simulation of two acoustic

signal processors: the real time processor (RTP) and the frequency

domain processor (FPT).

Simulations are performed to assess the relative merits of the

two processor techniques and comparisons of the possible performance

of the two systems are presented.

L____ 
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COMPARISON OF REAL TIME AND FFT PROCESSING

ALGORITHMS FOR ACOUSTIC DATA

1.0 SUMMARY

Use of acoustic signals emanating from possible targets as a

source- for detection, location and tracking to these targets is of

interest to the army REV program.

Acoustic signals generated by the type of targets usually sought

generally reside in the low audio frequency range. The ambient noise

background is often considerable in this frequency range and it is

necessary to provide a somewhat sophisticated algorithm for processing

the acoustic signals.

Algorithms for processing these signals and determining the

relative bearing of the targets have been developed through previous

efforts at other agencies. These algorithms generally may be classi-

fied as one of two basic methods: Real Time processing and Frequency

Spectrum Processing (generally a Fast Fourier Transform (FFT) applica-

tion).

Although the FFT processing techniques have held the advantage

until recently in so far as accuracy is concerned, recent state—of—

the advances in software processing and integrated circuit chips

(IC ’s) lead one to believe that a Real Time processing (RTP) algorithm

for accuracy and at the same time update data faster than the FFT

algorithm. Furthermore the RTP algor .thm generally requires conside—

rably less hardware than the FPT algorithms.

L. . .. _ _ _ _ _  ~~~~~~~. _ _  . • .
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This report documents an investigative study of the two basic

algorithms, RTP and FFr, and presents the results of a computer

simulation study of their relative performance.

Under some circumstances the RTP is far superior; for instance

in the situation where the signal frequency varies, such as an engine

changing speeds. Both algorithms suffer inaccuracies for target angles

off the end of the array (small angles) but this presents no real

problems for a tracking application since the target will be kept in

a broadside situation to the array (large angles) by the tracker.

In general it is concluded that a RTP algorithm is a very men —

table approach and should be realized in a hardware prototype form to

use in comparitive studies with an FFT algorithm hardware prototype.

This research work funded a graduate student working towards an

MSEE degree and a paper describing the results of this research is

being prepared for publication and presentation.

Much appreciation is expressed to Captain H. Norckauer, Richard

Currie and Steve Golden of the Advanced Sensors Directorate (IR Branch)

at Redstone Arsenal for their interest and suggestions.

~
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2 0 INTRODUCTION

Acoustic signals emanating from targets such as tank.s have been

studied and their characteristics noted for use in detecting and

tracking devices. One characteristic assumed for far field distances

is the shape of the acoustic wavefront as it propagates outward. The

wavefront is assumed to be planer, that is it is assumed to be an

infinite plane wave (or a spherical wavefront of infinite radius).

Thus the normal vector to the wavefront points to the source of the

wavefront, which is assumed to be the target location. This normal

vector describes an angle with respect to the axis of a two microphone

array which may be determined by measuring the phase difference of the

waveform as it crosses the two microphones.

The angle desired is 8, illustrated in figure 1. This angle can

be derived by several methods. If either real time waveforms or PPT

algorithms are utilized and a periodic source assumed, then the angle

is found by noting that

hcos O —

where: d — the array spacing

and h — TV 5â

with VSd the velocity of sound and -r the time difference in arrival

of wavefron t at micro phones 1 and 2 and

¶(l/fre~.)
(360 )

-
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Mike 1

~ To target

Mike 2J \T 

wavefront

- Wavefront travels at velocity - flOOFr/SEC

0 — Microphones

t = time to travel distance h at 1100 ft/sec

+ Shift from Mike 1 to Mike 2 = 360° x 
~ 

—

T — Period of the frequency components of acoustic wavefront
(assumed to be — 100 Hz . .  T - .01 sec.)

8 — Target Angle - [ cos ’ Shift x 1100 x T ] }
Example: If $ Shift is calculated to be 100.28218° for 100 Hertz

component with d — 4 feet for mike spacing, Then:

— 1 r 100.28218 x 1100 x .01 I — 40.00000 —  cos
L 4x360 j

Figure 1. Two Microphone Acoustic Array



where IT is the phase difference of the waveforms at 1 and 2, and

S f req. is the frequency of the waveform. Thus

Il(l/freq.)V3~IT = cos d(36O)

inaccuracies arise from the following assumptions:

A. The acoustic wavefront is assumed to be a plane wave over a

distance of a wavelength and to have a normal vector which passes

through the centroid of the sound source and through the center of

the microphone pair.

B. The acoustic wavefront is assumed to be a periodic single

frequency wavefront. (Note the use of the frequency assumed in the

equation for 8 . )

C. The velocity of sound is assumed to be constant and known so

that the distance, d, represents a certain percentage of the wave—

length.

Items of Note:

(1) The spacing of the array is assumed to be such that no more

than 180° phase shift will occur when the wavefront passes the array.

Otherwise the array cannot differentiate which hemisphere the sound

originates from with respect to a line drawn perpendicular to the

line containing the two microphones. Thus the array spacing is

determined in part by the highest frequency one expects to detect.

(2) A second array is necessary to determine which quadrant the

sound originates from since a single two—microphone array does not

determine the Quadrant.

_ _ _  _ _ _ _ _  —~~~~~ .—~~~~~- ~~~~ - - --~~~- - .—~~~~~~~-~~~. ~~~~~~~ ~~~~~~~~~~~~ 
.---— •. -
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It is feasible to determine the velocity of sound across the array

by measuring the actual temperature as the phase is being measured,

Item C. This point, incidentally, is a problem for both real time

systems and for FFT systems. Measurement of the temperature at the

array center provides sufficient correction for the calculation of the

angle and it is noteworthy to mention that it is not necessary to

determine the temperature along the path between the source and the

detector since the velocity of the waveform is incidental to the calcu—

lations except durii~g the time of travel from the first microphone in

the array to the last microphone in the array. The assumption that

the velocity of the wavefront is constant is valid since the array

size is small and we are interested again in the velocity only as the

wavefront crosses the array.

Both the real time and the FFT processors will suffer inaccuracies -

due to non—periodic components of the input, Item B. In the FFT pro-

cessor, however, the noise and the varying spectral content of the

signal are treated as periodic signals over each sampling period. As

a result, these variations are averaged out to some extent and the

spectral content of the target is enhanced with respect to the noise

background.

The real t ime processor does not inherently average over any

period and as a result the continuous output of phase difference infor—

mation varies considerably due to noise and spectral variation of the

signal. In a real time processor as designed by this author, howeve r,

the filter bandwidth may be considerably smaller than that of the Ffl

processor which does tend to reduce the noise effects considerably.

L .—— .~~~-—~~~~ - ---.~~
, ..--.—~~- -—-—---. • -,- - - - - ., - -- ...

~~~~~~~~- -
~~- -
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It is also beneficial to devise some sort of averaging scheme to use

with the real time processor to improve the accuracy and to further

reduce the effects of noise.

The following describes a software approach (now feasible with

LSI and microprocessor technology) which provides an “averaging” effect

for a real time process while allowing faster processing time than an

FFT process.

The frequencies of interest are typically in the range of 100

Hertz. Using real time waveforms and a phase locked loop phase corn—

parator the phase angle may be measured directly. It is proposed to

sample the phase at certain intervals, say, .05—second intervals for

ten samples. Let each phase sample be compared to the previous and if

it agrees with another sample within, say, ten degrees, average the

two and store. If it does not agree, store for further comparison as

the possible target but with low priority. In this manner, the ten

sample processor will discard large errors and average the small errors.

After ten samples are used, an updating may be accomplished by simply

keeping a running average and discarding the earliest data sample.

While it is true that this procedure will tend to average out valid

target angle changes in .5 second intervals, the error at one mile would

be 1.09° at the worst case and for shorter ranges should decrease since

the bearing change would be kept relatively small by the tracking system.

A second and major problem arises when the target is an

engine which is changing speed. This generates a signal which is

changing in frequency. The FFr processor which uses long time averaging

(from 0.5 second to 2.0 second intervals) will detect this type of

signal as energy existing over a wide frequency spectrum and will
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exhibit large errors in the angular calculations of such a target.

On the other hand, the real time processor uses very short

looking intervals and does not see appreciable frequency change. This

results in fairly accurate angular calculations especially for angles

around the null zone (0 — 90°).

Results are presented which illustrate very nicely the ability

~~ the real time processor to handle this situation and the inability

of the FF~ processor to deal with this problem.

One possible solution for the FFT processor to deal with this is

to use a frequency tracking filter but this significantly adds to the

cost and complexity of the system and has not been investigated to

determine any benefits in performance.

Assumption that the normal vector to the acoustic wavefront passes

through the centroid of the sound source, Item A, is not necessarily a -

valid assumption. Ripples in the wavefront, tilt due to propagation

effects, multipath reception all combine to create errors in the normal

vector pointing direction. These errors, however , are typically small,

in the range of 5° or less, and are not troublesome during the tracking

mode until one reaches a close or near field condition. In the near

field it is questionable whether the sound centroid and the target

itself will coincide.

Definitive studies of this problem have not been reported as

yet.

The following sections of this report will describe computer

programs that simulate the real time processor (RTP) and the fast

Fourier transform processor (FPT) algorithms and presents results of

simulation runs for various noise and signal situations.

—-.--— — -

~

-.- —-.-. ~~—. -~~~~~ — .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
,—-- •-.- —--~~ -. —— —~~~~~~
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3.0 MODELS USED FOR SIMULATION OF THE PROCESSORS

3.1 The RTP Model

The system diagram used to model the real t ime processor algorithm

is illustrated in figure 2. The incoming acoustic wavefront is de— -

tected by the microphone array and is filtered by the 80 to 120 Hertz

filter to eliminate as much background noise as possible. This filter

design was based upon the acoustic signature for several tanks which

were monitored by the Redstone facility during the summer of 1977.

Experimental data taken during that period was correlated with acoustic

signature data reported by other agencies and a center frequency of

100 hertz with a ± 20 Hertz passband was deemed to be fairly optimum,
when one considers the possible frequencies of the source and the

possible variation of those frequencies.

Figure 3 illustrates the simulated bandpass filter response

which has a time response of

h(t) — 2(BW)Esinc((BW)(t—t o)}][cos(wo
(t_t o))]

where BW — bandwidth of the bandpass filter

sin ir zand sinc z —

The phase difference between the two microphones is measured by

using a phase locked ioop (PLL) circuit. As input noise and changer

in the input, frequencies occur the phase information from the PLL

will vary. These short term errors may be averaged out to some

extent by using an algorithm for short term averaging. Such an 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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algor ithm has been proposed by the author and is detailed in the

following discussion.

Signals in the frequency range of 100 Hertz are low enough in

f requency to allow the phase lock loop to track minor ± 20 Z variations

in base frequency and phase In a t ime period negligible compared to

the period of the 100 Hertz frequency (microseconds versus tens of

milliseconds). A short term average may be computed by storing the

frequency and phase difference of the incoming waveforms onice a

period for four or five periods (approximately 40— 50 ms.) and corn—

puting the average of these frequencies and phase differences.

This procedure will average out the short term variations of the

input waveform to some extent . How well this procedure works may be

judged by the results for the RTP which compare very favorably with

the FFT processor. These results are described in sections 4.0 and

6.0.

Simulation of the data inputs from the microphones is accomplished

by the use of a 1 volt peak cosine wave of 100 Hertz base frequency.

Noise is added to this data input by use of a random number generator

which is used to generate random amplitudes varying from +1 to —1.

These numbers are generated on a uniform distribution and are used as

additive noise. That is when the signal is generated and sampled for

use in the program the noise, which has been generated is discrete

steps, is added to the signal samples thereby producing a corrupted -

signal. Figures 4 through 7 illustrate the signal plus noise for

various noise levels before and after filtering. The simulated

signal plus noise may be illustrated mathematically by:

___  _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -
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f ( t  + ~~ 
= 1 sin 2 1T((l0O + t~f)t + + B

Signal frequency variation has been modeled by using a dither

frequency term, 1~f , added to the main signal frequency f 0. Thus

+ 1f is the signal frequency used and t~f may be made to vary at

any desired frequency range.

B is the random noise term and is uniformly distributed between

levels b and a. The rms value of such a distribution is given by2

( b — a)
2T~

when a and b are ~ ie uppe r and lower limits of the noise variations.

a If the signal is a 1 volt peak sine wave then its mi s value is

.707 . Correspondingly if the noise is uniformly distributed between

± 5 volts then its rms value is 2.886 and the signal to noise ratio is

(S/N) = .2449757 .245

For the simulation runs conducted a frequency variation of 10.24

Hertz (100 Hz to 110.24 Hz) at a 100 Hz/sec rate was used for the 0.1

second averaging RTP system.

The output g(t), figures 5 and 7 may be found by convolution of

f(t) and h(t) through multiplication of their fourier transforms and

inverse transforming the result to obtain g(t). One must be careful,

however, to choose a proper sampling period and sampling interval so

that the result for g(t) does in fact carry the information needed to

represent g(t) in real time.

Since f(t) is composed of a periodic signal plus noise f(t) is

not completely periodic. The FFT transform however forces one to pick

_____________________ ______ ___ _ _ _ _ _  _ _ _ _
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a period over which to average and the function is assumed periodic

with that period. As a result , the reproduction of g ( t )  by this method

may not contain the non—periodic components of g ( t ).

A better method of simulating g( t)  would be the use of the dis-

crete convolution model. Since the bandpass filter is physically

-c realizable and passive, its fourier transform may be determined analy-

tically and hence its impulse response determined.

By computing g(t) through the discrete convolutional relationship

t
g (t )  = ~ f(K) h(t — K)

K-0

a more faithful reproduction of g(t) will be obtained. The disadvantage

of this method of simulation is the additional computation required.

For instance , it has been shown (Stockhain , T. G .,  “High Speed Convo-

lution and Correlation ,” 1966 Joint Computer Conference) that for 28

samples the FFT method is faster and for 4096 camples the FFT method

is 80 times faster. But with non—periodic inputs, the FPT method does

not always produce accurate anaw€rs.

In programming the discrete convolution equation a method was

devised that ha~ good speed and a minimt’tn of memory required. If one

is not careful the memory requirements can be as high as M x N, where

Mis is the number of samples of the filter function and N the number

of samples of the signal plus noise function used. For 2048 samples

of each the memory r’~quirements would be greater than 4,194,304 words -

plus associated bookkeeping memory requirements. Obviously this is

rather high (too high for most machines without resorting to time con—

suming tape storage). A method was devised that has essentially the

-—- -. -
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same computational speed and requires only M + N (4096 words for 2048

samples) plus associated bookkeeping memory requirements.

The PPL phase comparator which will be modeled is a type II digital

memory edge controlled network phase comparator. This type of phase

comparator in this application will stay in lock over the full range

of the V~0 (essentially fr om 5 Hz to 5 KHz). Phase comparison is made

by cross referencing the two channels and using up—down counters to

a 
derive an 8 bit digital word which will indicate the phase difference

between the two channels. The phase information is presented from a

counter in digitized form in approximately 1.41 degree increments.

Simulation of the phase lock loop is accomplished by calculation

of the frequency of the waveform coming from the filter h(t). This -

deterininat ion of the frequency is found by averaging the periods of

the first six peaks in the output g(t) which is created by f(t) as the

input. This average frequency is used in the calculation of the target

angle.

The average phase shift is determined by comparing the shift of

the main four peak values of the output g(t + ~~~ which is created by

the signal input f(t + ~$) as the input , relative to the main four

peaks of g(t) created by f(t). This average phase shift is also used

in calculating the target angle.

3.2 The FFT Model

The system diagram used to model the fast Fourier transform pro—

cess is illustrated in figure 8. The filter bandwidth of 50—250 Hz was

chosen so as to provide a frequency window in the frequency domain of

the signal desired. This bandwidth could be restricted to a more narrow

range; however, the system we are interested in investigating utilizes

~

- ~~-~~~~~~~~~~ - -.- -—-- --—-—--- - - -- -~ —- - - -- - .  -- --.-——- ~~~~~ - .--
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50—250 Hz bandwidth and hence the range was chosen for simu-

lations -

The frequency domain plot will contain discrete frequency points

(sometimes the nomenclotur e ‘f requency bias ’ is used) and the spacing

of these points (the width of the frequency bin) is inversely pro—

portional to the period used for sampling. If a 2 second sample

pe r iod is used the frequency points are 0.5 Hz apart.

The number of samples , N, taken per period, T, determines the

sampling interval , t TI N , which in turn relates to the width of the

frequency spectrum calculated. This relation is NT and for the two—

second sampling period of f ( t )  and 512 samples per period, the fast

fou rier transform will yield 512 frequency terms with each term .5 Hz

wide. Thus, a frequency spectrum plot would cover from 0 to 256 Hz.

(In a FFT half of the terms generated are complex conjugates of the

others.)

The outputs of the fast fourier transform devices FFT1 and FFT2

are thus generated by first using discrete convolution to calculate

the functions g1(t) and g2(t), and then a discrete FIT calculation is

used to generate F7T1 and FFT2. 
-

The outputs FF1 and FFT2 are complex numbers, one for each fre-

quency bin. These complex numbers yield the amplitude of that frequency

bin and its phase angle.

• The amplitude is proportional to the energy content of the signal

at this frequency. Thus if we have a strong signal energy at a specific

frequency such as 100 Hertz and a very low noise background, we would

expect to see a frequency plot that was very small except at 100 Hertz

where we would expect to see a large amplitude component. Figure 9

illustrates a frequency plot for such a signal. 

5-.- - - -.— -—•-.‘ - ~~~~~
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Large amplitudes in specific frequency bins are selected and the

phase angle of these te rms are calculated. The phase shift of similar

frequency components is then calculated by comparing the phase angle

of a specific frequency bin for microphone 1 with the phase angle of

the same specific frequency bin for microphone 2. The difference in

the phase angle is proportional to the phase shift in that frequency

term.

This technique is sufficient to simulate the system for these

signal data inputs to be used and to compare the same basic information

f rom the FIT and RTP systems. In general, however, one would refine

the information from the FFT to allow target discrimination. This may

be done as described.

The frequency bins are organized into groups by using a grouping

algorithm which applies the principle that all frequency bins originat-

ing from the same direction in space will have essentially the same

phase—difference slope. The phase—difference slope is defined as:

phase differencePhase—difference slope — —
frequency fj

where i identifies the ith frequency bin.

The grouping is accomplished by identifying which slopes fall

within a direction window in space.

— The grouping algorithm step provides two important sources of

data. It identifies the frequency lines coming from each target

detected, which permits applying judgment as to the type of target

present, as well as provides data to determine the best estimate of

the target direction.

- I



- ----~ -. - • . -~
- - —----- .

~
- - —--- .- - —-- •- ._~ -

S

24

The best estimate of tar get direction is computed by averaging

the phase—difference slopes making up each group .

m t~4~1 r iAverage slope per group — L ~~
—

n 
~~~~ ~

The target azimuth is then computed using the average slope per group

and trigometric relationships.

sin aAzimuth = 0 = arcsinA cos OE

where

a = arcsin 
~ 

~~~ ~~~ for the microphone pair
j i it

n

The subscript j  refers to the target (group ) number

The subscript I refers to the frequency bin number

= speed of sound in f eet per second divided by

the microphone separation in feet

= frequency in Hertz for frequency bin i and

target j

n — number of phase.-..difference slopes in the group.

Target discrimination is then provided both by the approach used and

by performing additional checks.

I
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4.0 RTP AND FIT SIMULATION RESULTS

The simulation of the RTP provides an insight into the possible

performance of such a system.

Table 1 illustrates the performance of the RTP for various con-

straints within the simulation programs. For this table the random

numbers used for the noise amplitude and for the algebraic sign were

drawn from two separate random number generators . If different random

number generators are used for the program while everything else is

held constant, the individual results will vary but the average error

should remain essentially constant. That is to say for one set of

random numbers generating noise the angular results (for 40. 00 actual

target angle) may compute to be 41. 1654° , while for a second set of

random numbers the computed angle may be 38.7100. The results vary on

an individual basis about the nominal 40.00 but the errors are within

.3115% of each other.

The data in Table 1 illustrates several points. First of all ,

the fastest sample rate (.00005 seconds per sample) results in target

angles that are generally closer to the actual target angle than the

slower sample rates; this would be expected. Also true is the fact

that for good results at small target angles, the faster sample rates

are necessary. In fact, the quantization error due to slow samp1i~g

becomes prohibitive at .00025 seconds per sample time.

For the simulation areas comparing the FIT and RTP systems, the

sample rate used was .00005 seconds per sample time.

In general, the results are Indicative of a system algorithm that

would be suitable for a tracker, especially for initial lockon and

_ _ _  5- -~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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t racking. As the vehicle nears the targe t , an IR tracker with a

narrow field of view could be used for the terminal homing. This

would most likely be advisable since the IR tracker could provide a

faster control loop in the guidance system.

From the data of Tables 1 and 2 , it is evident that small varia—

tions in the phase shift and the inverse of frequency result in signifi—

cant errors for small target ang les. This is to be expected since the

angle calculation is proportional to the inverse cosine of the phase

shift and the inverse of the frequency . For small angles the cosine

function has the fastest rate of change as opposed to the larger target

angles which corr espond to the slowest rate of change of the cosine

function versus the argument of the function. Another way of saying - 

-

this is to st ate the change of the argument of the inverse cosine

function is slowest around the 90° area (the broad peak of the f unction)

and quickest around the 0° area (the steepest slope), which may be

Interpreted as implying that small changes in the argument of the

inverse cosine function yield proportionally larger changes in the

resulting angle calculations for arguments corresponding to very small

angles.

In any event, the results indicate (as we know to be true) that

both types of algorithms make suitable null trackeis by keeping the

target broadside (9 90°) to the axis of the array which operates in

the most accurate region of the array.
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5.0 COMPARISON OF THE TWO PROCESSORS

The comparative results of the performance of the RTP and FFT

processor algo rithms are depicted in Table 3. The data in this table

was made using a d i f fe ren t  random number generation method than that

used to gene rate the data of Tables 1 and 2. However , the same random

number generato r was used for  both the RTP and the FFT simulations of

Table 3.

In this comparative run the two algorithms were used as they would

be in an actual system. That is , the RTP system was presented with the

signal plus noise data and an answer was computed in .15 seconds

(actually the answer is computed using .08 seconds of the data emanat-

ing f rom the f i l ter  starting at t 0), as opposed to the two seconds

requi red by the FFT system .

The same signal data and the same noise data were used for both

the RTP and the FFT calculations and the results indicate the relative

pe rformance under essentially the same input conditions.

Good agreement is obtained for both processor algor ithms although

the FFT processor is the more accurate of the two . In fact , fo r large

noise levels, the FFT performs much better than the RTP, which was

unable to arrive at a satisfactory answer for small target angles.

However , if both systems are around the null point , both are useable

for tracking . Another point to consider is the fact that as the

vehicle approaches the target the signal—to—noise ratio will increase

and likewise the accuracy of the processor algorithm increases in both

cases .

Table 4 illu8trates the results of a simulation in which the

frequency of the incoming signal is varying. For this situation the 
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-
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FFT processor will suf fer a degradation in per fo rmance that would

render it unusable for a null tracker unless a considerable addition

of software processing is added to the algorithm.

Figure 10 illustrates the spectrum which the FFT system “thinks”

it sees when presented with a vary ing signal frequency. Since the FFT

uses all data over the 2.0 second interval , it “thinks” that energy

exists over the range of frequencies that the signal traverses during

thi s time .

By comparison the RTP system holds up well since the signal fre-

quency does not vary appreciably in the short processor time required.

For this simulation , the signal f requency was varied at a 100

Hertz per second rate for the RTP system and 27.90 Hertz per second

rate for the FFT system. -

Finally,  in Table 5 , are simulation results of the FFF system for

a 0 .5 second averaging time ; which was proposed for a quicker updating

system fo r close—in tracking.

Results indicate degradation of the system performance with short

sample time for ~ cons tant signal frequency the results are useable

for a high signal—to—noise ratio .

The results for a single frequency that varies , however , m di—

.~ate that the system would not be useable since the output results are

very erratic in accuracy (in fact, almost constant angle output

regardless of target angle).
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6.0 CONCLUSIONS

Computer programs have been written that simulate real time pro-

cessing (RTP) and frequency domain (FFT) algorithms for processing

acoustic data such as that emanating from tanks . Simulation tests of

these systems have been accomplished and the results summarized in

this report.

: The simulation results indicate the following points:

1. The FF~ system is the most accurate under conditions for

which the signal f requency is constant .

2. The RTP system will provide a good tracking signal , especially

for target angles of 30° or more.

3. The FFT system cannot tolerate a signal with varying frequency.

4. The RTP system is capable of processing the data approximately

10 times faster than the FFT system.

It seems feasible to design an acoustic tracking algorithm that Ut-’ u ses

a real—time processing algorithm. An RTP system holds several advantages

over an FFT system, namely:

1. It is much less expensive due primarily to the simple hard-

ware required with respect to an FFT system.

2. It is an order of magnitude faster in processing time that

the FPT system which yields a faster guidance system control loop.

3. It has the ability to process and output useable data for

signals with signal frequencies that are varying.

It is recommended that a real—time processing algorithm for

processing acoustic signals such as those emanating from a tank be

prototyped in breadboard form for evaluation in an actual environment
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under laboratory and controlled field test conditions.

It is further recommended that software be developed that is

suitable for a microprocessor to average , categorize and perhaps

provide a “smart ” tracking algorithm for the RTP. Using this oaf t—

ware development or tracker system using the RTP approach may be

designed for a prototype tracker breadboard development.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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APPENDIX A

The following is a computer program written in fortram for

simulation of the real time processor algorith, RTP. This program

was run on a UNIVAC 1107 mod II system.

C ThIS PROGRA ~i IS IPIL SOLUTION TO THE REAL TIME PROCESSOR
C i~~

T )  IS TI-IL IMPULSE REPONSL ~F THE SYSTEMX (T) IS THE. INPUT SIGNAL TIME FUNCTION
ThESE PAPAMLTLHS 1~NE TO RE SiT FOR FACH CASEC P!UAE PERCENT TAkGET ANGLE E1 ROR

5 C SI’O SIGNAL FREQUENCY -

C Sh-40 SIGNAL PERIOU 1/FHLQUFNCY
• C P’-lSF ACTUAL PHASE. SHiFT

C A IARG ACT UAL TAI-c(~ET ANGLELii , F. 6. Lu, IFO
EtITER Ill THL. FJLTLj~ BANDWIDTH IN HERTZC Ek1ER IFo ThE FILTER CENTER FREQ IN HERTZ

~~~i~ S1 ALWA ’VS BE LESS THAN OH EQUAL TO F
~.is~~ER G THE ** OF UT INCREMENIS IN H ( T )
ENTER F. Tilt. $1 OF LIT INCREMENTS IN X (T)
EN1ER THE MAOPTS AMPTS OF OT FOR EACH OT IN H(T)

C Es~TER THF MLDPT AMPTS OF LIT FOR EACH UT IN XT)
C. Y’V MUST BE DIMENSiONED TO (G+F)

NIEGIR c~,FNTEGEH Z
NTEGER R

G~ 102’.F~~ O48U1~~. 000 05
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—~~ --~~~~~~~~~- 
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OIr~ENSIO,1: PrsyWM (400),PKYW (400),pI(YM (400),pKy(qO0)OLMENSIOI’S XN(3584),X (3584),Y~~(4O96)DIMENSION h(2048),V (3584)
C VLS VELOCiTY OF SOUND IN FEET PER SECOND

VL5 l100.C
C DARY OISTMNCI BLTWEEN MICROPHONES ON ARRAY IN FEET

DIC~RY 4.0
SFO~ 10O.0SP~ 1/SF0

C TIllS SETS NOISE To o IF I s~ o OR GiVES NOISE IN INS I
ihS~ 0 • 0ph5F~~123. 01’+30C THiS ~‘ENERATES THE DI MIOPT VALUES OF XCI ) AND H(T)PA 3.1415920

6+ F
LLL G+F

~~~~~~ CO
00 110 JV I’G
v LV)ZJV
V~~~(2*(JV— ((/2) )+j)*DT/2
~lLiV) (2*IU*SIN (P1*IR*VJf*COS (2*PI*IFO*VJ) )/(PI*113*V5J)

110 CONTINUE
CMLL I-’LOTS2(V.H.G.1)
DO 117 IJVZ -I.2

— 1,0
J Y 1.0

1.0
IL 1.0

It- (INS •GE . 1’O) ~‘0 TO 604A1NS~ -LOOO 0~J.OL)U 605 1:1.1-
Xk(I)~~0.Oo05 CtJf4TIf\UE
GO TO 606

b04 CONT INUE
AtN S~ 1.O/INSIr(IJV .EQ. 1.) GO To 602
xt
~~
l):385.

GO TO 603
u02 XN (1) 130.
o03 CONTINUE

C’~LL RAN[)U
(AR,F)

u0b CONTINUE
DU 111 KV~ 1’FVK~~(2* (KV—1)+1)*D1/2.Pt-I l (2sP1*PHSF)/360.
II-tI~JV .61. 1.) GO TO 33
t U  TO 34

33 It (XR (F KV ) .LT. 0.5) GO To t,00
x (KV )~~(COS C~~*PI*(SFO+KV*.0O5 *VKfl+ (INS*XR (KV))
GO T O ~5

000 X (KV ) (COS t~~*PI*(SFO+KV*.0O5)*VK))_ (INS*XR (KV))GO TO 35
34 It- (XR (F—KV ) .LT. 0.5) GO T~ 601X (KV )~~(COS ((2*PI*(5FO+KV*.005 )*VK)+PHI))+(INS*XR(KV))GO IC 35
oOl X (KV )~~(COS~.(2*PI*(SFO+KV*.QO5)*VK)+pHI))_ (INS*XR(KV))35 CONTINUE
111 CUNTII~UEC LNSER1 THE 00 LOOP AND PLOTT IN G ROUTINE FOR X HERE
C TriiS REVERSES THE ORDER OF X(T)

00 25 I:1,R
1 x (I)
X t 1 )~~X (Z)

~5 CONTINUE
DO 10 K = 1’j sc
Ye (K)— 0.Q
1I(~~ 1

LF. 5.~) GO To 13

13 ~~~~~~~~~~~~~
tcL= (F+1 .O)—l
KY : (  I’-J+l.O) I
~.ufr HIKY)*X (KI)*OT

-- —r: - - s - 
~- . ~~~~~~~~~~~~~~~~~~~~~~
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• Y~~( K)~~LUM+ Y W ( K )
CUNTISJUE
I.IzIJ+1.O
(~
) TO 17

14 CONTINUE
II-(JJ .GE . (F—G)) ,o TO 16
DL) 15 JL 1,”

LUM~
H(KY )*A (KL )*D1

15 CUNTII.UE
JO~ JJ41.O60 10 17

-$ 6 CUNTINUE
l L~~II’1.0K i :CF+1)— II
Do 21 I=l’i”
K(,ZG+1.O—I
Ju~ I G I +1

KG) CX (JG) CDT
~~~ (K )

~~EUM + Y~’ ( K)
i~.1 CONTINUE

I~ zIG 1
~~ CU,-~iTIhUE
10 CONTINUE - -

C PUT PLOT ROUTINE FOR Ye HERE
00 325 JjV~~1,LLL
VLIIV):JIV L

325 CONTINUE
CMLL I-~LO T S2 (V .YW ,LLL , 11

C. ThiS $-INOS ~HL PEMKS OI~ Y W
Ko~~1.Opr~y w M ( 1) = Y w ( 1 )

- Pt~y w ( 1 ) 1.0
DO 313 J 2,LLL
If (YW (J) •ul . YW (J i)) GO 10 313

• IF- U .EQ. ~) GO TO 3131t-- (Yw (J—I) •GT. Y~~(j—2)) GO TO 31460 10 313
.314 Prs~rW M (KJ)~~Y~~(J 1)

Ko :K J4 1

313 CON T INUE
C THIS FINDS 1F~E MAIN PEAK OF YW

X PKYCM (1)
Mi-9cYW~ 1Oo 28 J 2.K~-JY~ i-’KY~ M (J)li lY ‘GE . XI GO It) ~9TO 28
X~ Y
MPKYW ~ J
CONTINUE
I$- ( IJV .GT. 1.0) bQ TO 126
00 421 J~ 1,’KJPM (J ) PKY ~~LJ)
pr~yM (~J) pKYWM (J)

421 CONTINUE
MPKY t PKY~

L2b U
~ O L Q~~, ANL) WR~ TE ROLJTINES 

~~~~~~~~~~~~~~~~~~
117 COt,ITII4UE

wi’iiTE (6.319~319 FURMA1 (1H1,’P~ AK VALUES OF Y~ EQUAL TO F(T)’)
WNITE (6.320) (PKYW(J). pKYwM (JJ,~j:1.KKJ)

~2U 
FOHMA1 (4 (Gi~~.7,2X.G12.7

))

321 ‘PEAK VALUES OF V EQUAL TO F(T+PHI)’)
w~(iTE16.32~~

) (PKV (,j5,PKYM(J),J:1,,J JK )
i2~ FvkMA1 (4 (G1~~.7,2X.G12.?

))

C ~~S
°r ?NCS AvLRAGt. PERIOD USiNG 2 PEAKS EACH SIDE OF MAIN PEAK

Dv 317 J:1.4
KL.=MPIcYW— +J

uI—Pity (5J0) ~~Z$PAG~I I8B~ ST 4UALIn F &CrI~AN~JO 1- - C K W 
--

-- OQi! 1L~~LISIf~D 1~O D~Q _~~~~~~~~~ - 
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SL)M SUM+D IFF
317 CONTINUE

A W L  RD~ 
( SuM/4 .O) t DT

FN L Q 1/A ~ PR0
SM$~aA S~~O .O

C THIS FINDS AVER AGE PHASE SHIFT USING 2 PEAKS EACH ~ IUE OF MAIN
00 310 i~ 1.4
K0~ MPKY 2 +,~J~~ MP KYW —2 #J
~MSDF~~( ( F- ) KY ( KL)) P~~ w ( J G ) ) * L,T * 36O.O )/AV p RO
S~ PAS~ SMPAS 4 PASLJ F

318 COI-~TINUEC THIS CHECKS THE AVI-~AS FOR 360 ROTATION
I~~tSMPAS ) oU,61.bl00 A V PA S~ A BS(SHPA S)/ Z + .O
GO TO 62

bi I$~(SMl-
1AS .LL , 1440.0)  GO TO 620

SIPASZSMPAS 144O • 0
GO TO 61

o20 AVPAS ~ 360.O (SM PAS/4 .O)
CONT INUE
I F V A V F - ~AS .LL. 360.0) 60 10 ~3A W F A S  AV PA S — 3b0.0
(30 TO 62

o3 CONTINUE
w R IT E ( 6 . 4 4 )

44 FORMA l (1I-I0,’MPKYW ’ ,12X,~~MPl~Y~~,t3X,’AVPRD.,12X,1AVPAS ’)WbITE (6,U5) (MPKYW,APKY,I*VPRL,.AVPAS )
• ‘+5 FUHMAI(G12.7,SX.612.7.5x,G12.7,5x,612.7)

C THIS I~ROTECTS AGA iNST INVALID ACOS ARGUMENTSA~ t,MT~ (AV PAS*VLS * MV p R D)/ ( OA RY C 36 O.O
UV ~ A RS (AR (3 M 1 )
Ii- (RV .LT. 1.0) GO TO ‘+0AlioLE -999.99

• A IA R G ~ 999.99 n

Pli,AE~ 999.99
(30 TO 42

‘40 Aht~LE~~(A C O S t BV ) ) * ( 3 6 Q . 0 / (2*PI) )
• A TAMT~~

(PHSF*VLS*SPO)/(DARY*360.O)
Bd~ A 8 S (A T A M T)
IF(BF~ .LT. 1,0) GO TO 43A IARG 9q9 .99
P1 AGE~ 999.99GO TO 42

‘+3 A I MRG (ACOS (ATAMT))s(360.0/(2*pI))
PIOAE~~

( (ATA HG—ANGLE /ATARG)*100.O
42 CONTINUE

wRITE (6,32o)
.320 FORMA1 (1HO,’RTP WiTH S/N 1/INS’)

— CHITE (6,327) AINS
327 FOI~MAI (G13,u)

lIE (6, 323)
323 FO1~MA1 (1l— !O,.’ FREQUENCY’ ,5X, ‘AVG PHASE SHIFT’ .SX. ‘ACTUAL pHASE SHYF

/T’ .5X. ‘ANGLt_ TO TARGET ’ .SX, ‘ACTUAL TARGET ANGLE’ ,5X. ‘S TARGF 1 ANGL
/E LRR OR’,/)
WRITC (6,324) (FRE (l,AVPAS ,PHSF,ANGLE,ATARG,PTGAE)

324 FONMA I (E13.o,4X.G1~~.7.6X,G12.7,11X.G12.7,8X.G12.7,13X,G12.7)SToP
END

~~IS PAGE I$B~~T4UALI YF~AOflO~~~~
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APPENDIX B

The following is a computer program written in fortram for

simulation of the f requency domain processor algorith , FFT. This

prog ram was run on a UNIVAC 1107 mod II system.

C* IHE NAME PKYW M APPEARS IN A DIMENSION OR TYPE STATEMENT BUT I~ NEVEP REFERENC* TH E NAME PKY ~ I4PPLARS IN A DIMENSION OR TYPE STATEM ENT RUT IS NEVER REFERENC -

C THIS PROGRA I’~ iS TI-it. SOLUT ION To THE FF1 PROCESSOR
C HIT) kS THE IMPULSE REPONSL ~F THE SYSTEMI. Xli ) IS THE INPUT SIGNAL TIME FUNCTION
C THESE PARAMt.TLRS ARE TO BE SET FOR FACH CASE
C P16AE PERCENT TARGET ANGLE ERROR
C SIGNAL FREQUENCY

• C SPO SIGNAL PERIOD 1/FREQUENCY
C. PI-ISF AC TUAL PHASE SHIFT
C A $ A R G AC1UAL IANGET ANGLE

4 1. 01.  F ’ 0, Iii, it-O
C ENTER IA THE FILTER BANDWIDTH IN HERTZ
C ENTER IFo THE FILTER CENTER FREQ IN HERTZ

LH 
_  _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~ •— --
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C ENTER UT
C (3 1W’USl A L W A Y S  BE L~ SS THAN OR EQUAL TO F
C EN1ER 6 ThL ~ oF UT INCREMENTS IN HIT )
C ENTER F, Tilt. ~ OF UT INCREMENTS IN X ( T )
C ENTER THE MA DPTS A~ PTS OF UT FOR EACH 01 IN HIT)
C ENT ER T HE M1OP T A~ PTS OF OT FOR EACH 01 IN Xl)
C Y .v  MUST BE DIMENSiONED TO ((3~ F)

INTEGER G.F
Ie~TEGEH Z
1i~TEG~.R R

C IL THE Po~ E~R OF 2 FOR THE FFT ROUTINE NUFFT(IE)
I L~ 10C Xi-( THE NLJ I~BER OF NOISE TERMS IL BE ADDED TO THE SIGNAL X

C Ih NUMBER OF POINTS FOR FF1 TO OPERATE ON
Ih~~1O~ 4
G~~b 12
F~ 3584O 1~~.OO0125DiM ENSION P’~y W M ( 4 O o )  ,PK Y W ( L4 0 0 )
DIFENSION FI-~K FT ( ’ 4 O O )  ,FPKNF3(400)
DIFEtISION X R ( 3 5 8 ’ 4 ) ,Y W (4 0 9 6 ) ’X ( 3584 ) .V (3584 )
D i F E N S I O N  h (1024),y(1024)
DIMEN SION A Yw (1024),FIY (1024).PKFFT (400),PKFNR (400)
DIMENSION FMB (1024),FI(1024)

• DIMENSION F(w (102’+)
CUFMON/H OO K/X R EAL ( 102 ’4 ) ,X IMAG ( 1024 )
Et~U IV MLENCE (X REAL( 1)  ,A Y w ( 1)  I’ (X IMA G ( 1)  ,FII1))

C V L S VELOCITY OF SOUND IN FEET PER SECOND
VL S 1100.0

C 0~ HY DISTA NCE BETWEE N MICROPHONES ON A RRAY TN FEET
4.0

SI— o~~1uO. 0
SFu 1/SFu

C TIllS SETS NUI~ L TO ZERO IF INS 0 OR GIVES NOISE TF INS 1.0
IN S:1.O
ph~ F 1iO • 000

C THIS (3ENERAT ES THL t~T MIOPT VALUES OF X ( T )  AND H(T )
P1 3. 1415920

(3+ F
LLL G+F
IF~~~1bO
Iu~ 2O O
00 11C JV~ 1’G
v (.JV)~~JV
Vo (2*(JV—((,/g~) )+1)*DT/2H( .JV )

~~
( 2* IU*SIN(PI* IB*V U)*COS(2* PI* IFO*VJ) ) / (pI* IB*VJ)

110 CONTINUE
CA LL PLOTS2(V .I I .G .1)
00 117 IUV~ 1,2
~j u 53 J~ 1.1lI
F L (J)~~O.Ot3 CONTI NUE
10 — 1.0

1.0
II 1.0

1.0

Il( INS .GE. j .Q )  (.30 TO 604
A1r.S~ 10O000.000 605 I:1,F
Xi~~I) O.O

oOt, CONTINUE
GO TO 606

oO4 CONTINUE
AINS~ 1 .0 /INS
l I( IJV  .EO’ 1.) Go TO 602
X I’( ( I)  ~385.
GO TO 60 3

o02 X I( ( 1) 130. ~~~~~~~~~~~~~~~~~~~~~~~~~~~
u03 CONTINUE

CAL L NA NDU(A R.FI
o0o CONTINUE

00 111 KV I’F
vr:(2*(Kv—I I +1)*0T/~~.PHj (2IPI*PHSF)/360.
It-(IJV .61. 1.) GO TO 33
(.30 TO 34

33 it~(XR!F
KV ) •LT. 0.5) GO To

X (KV)— (CO5(~~sPI* (SFO+KV*.O13 ?*VK))+ (INS*XRIKV))
GO TO 35

- ~~~~~~~•-— - — -  - 
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o DO X ( KV ) (C 0S(~~*PI*(SFO+KV*.01395)*VK))— (INS*XP (KV))
GO TO ~‘534 IF (XR (r KV ) .LT. Q.5) GO TO 601
X (KV)~~(CoS((2*PI*(SFO+KV*.Olj9b)sVK)+PHI))+ (INS*XR (KV))GO 10 35

oOl X (jSV)~~(COS ((2*PI*(SFO +KV*.O1395)*VK)+PHI)) (INS*XRCKV))
COr~TIhUE• 111 CONTINUE

C INSER1 THE L0 LOOP AND pLOTT iNG ROUTINE FOR X HERE
C ThIS kEVERS L-S THE ORDER OF XCI )

R~ F/2 .O
DO 25 I:1,R
T X (I)
X (I)~~X (Z)

CONT INUE
00 10 K 1’JK

I-
IF( IJ .LE. (3) GO To 13
GO TO 14

13 CONT INUE
00 20 I:1.1~

I
KIz (F+1.O)—L
KT~~

( 1.4+1.0)—i
EUt~~H ( K Y ) * X ( KI)~~D1
Y w ( K ) ~~E UM +Y W( K )

20 CONTINUE
L~izIJ+1.O
(30 T0 17

14 CONTINUE
IF(JJ .GE. 1F G ) )  GO TO 16
1)0 15 .JL~

1,(3
Ki~~(F JJ)-.JL
K~~~(G ~ 1)—JL
EUM H (KY)*A (KI)*DT
Y ‘~

( K ) ~EU~1+Y I ( K I
£5 CONTINUE

GU TO 17
16 CONTINUE

Il~~II+1.Cu~~(r~~1)—I I
00 21 I:1,I0
Kt’~G+1 • 0—IJ0~ I G I +1
E0f~~H (KG)*X 

(jG)sDT
Y~~(K)~~EUM+Yw(K)CONTINUE
Io~~I G 117 CONTINUE.

10 CONTINUE
I.. INSER1 W R ITL FOR QUTPUI YW HERE
I.. INsER1 00 LOOP AND PLOTS ROUTINE FOR Y~ HERE

THIS DO LOOt’ TAKES THE pROPER NUMBER OF POINTS FROM Y W I T )  FOR FF1
DY 63 .J~ 1,IH
v ‘~~) ~ J
A Y ~~

(J )
~~Y~~

(K)
o3 CONTINUE

• It ( IJ V  •GT . i.o) (30 TO 120
1,0 10 127

126 CONTINUE
CALL NUFFT (LE)
00 64 MM~ 1,IHFYV~(’~’fr) SQR1 (AYW (MM)**2+FI CMM)*s2)*DT*2

04 CONTINUE
C NLUL PART IN A YW LMAG PART IN Fl MAG PART IN FYW

I(.’~~IH/ 2
DO 52 J~ 1,I0

52 ColiTINUE
CALL PLOTS2 tV .FYW.1G.1)

C ThIS FI i~~S IHE PEAK VALUES OF FFT
• U

F~ KF~~ j)~~FY~~(1) THISPAZISBESTQUALI?T~~~~~
~
, 1/ ~ ~1.0

DC 613 J2 ,LLH 

- • --~~~~~-- —
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It - ( FYWLJ ) .~~T. FYW (J—1 )) GO To 68
IF (J .EQ. ~) GO To 68IF- (FYW (.J—1 ) •GT. FYW (J—2)) G~ TO 69
GO TO 68

o9 FPKFT (K.J) F)W (,J 1)
FPKNB (KJ) :J— 1
K..~~K.J41KK, J~~KU
CUNTINUE

70 ~~~~~~i?l~~i,’pLAK VALUES OF FFT’)
WR1TE (6,71) (FPKNo LJ),FPKFTLj),J:1.KKJ)

71 FORMAT (4 (G12.7,2X,G12.7))
C THIS FINDS THE MAiN PEAK OF FF1

XZFPKF T (1)
MI-’KFT~~1DO 72 .J~ 2 ’K KJ
Y~ FPKt-T(J)
II-(Y .GE . XI GO TO 73
GO TO 72

73 X~ Y
M PKFT~ FPKN ~3( j )

72 CONTINUE
C THIS CALCULATES THE PHASE ANGLE OF THE MAIN PEAK OF THE FF1

I 1P~ MF’KFT
ZIO~

A’VW (IIP)
ZIT:Fl(IIP)
~N1TE (6.85)FORMA1 (1HO,’AYW (I1P)’,12X’’FI (IIP )’)
W N ITE(6 ,~~

6) (LI O,Zj T)
• ~6 FORMAT (G12.7,4X.G3.2.7)

phAGL~ ATAN (FI (IIP1/AyW (IIP))*18O.0/PI
~NiTE (6 ,74)

74 f~ORMAT (1H0,’MPKFT’,12X,’PHAGL ’)
~NITE (t~.75

) (MPKFT ,pHAGL)
75 FORMAT (G12.7 ,4X’G12.7)

G0 T 0 9 19
127 CONTINUE

CALL NUFFT (iE)
00 65 J~ 1.IHYLj)~~AYw~~J)Fiy(J) F1 (hi )

FMB (J)ZSQRT (AYW (J)*s2+FI (J)**2)*DT*2

~~
1
P~~ T ut- Y IN y (J TMAG PART IN Fly MAG PART IN FAR

Io~~IH/200 66 ~J:1,I0VLt):~J
~~, CONTINUE

CALL PLOTS2 (V .FAB.IG,1)
THIS FINDS IHE PEAK VALUES OF FF1

PKF FT 1 1) :FAti ( 1)
Pr FNB (1):1.O
I1H~ IH/200 77 .J~ 2.LLHII- (FAL 3LJ ) .‘~T. 

FAU (j—j)) GO TO 77
It- LI •EGI• 2) GO TO 77
It-C FA I3 LJ—1) .(,T.FAb (J—2)) GO TO 78
GO TO 77

7H PIcFFT (KJ )FMB (J1 )
Pr~FNB(KJ)~~J 1
KO:K.J41
KK .J~ KOCON TIN UE
~t-qTE(~~,79)

79 FuicMAT (1H1, ’P t A~ VALUES OF FF1’)
WR1TE (6,80) (PKFNb(J).PKFFT(J).J:j,KKJ)
FCjRMAT (4 (G1~~.7.2X,G12.7)) 

- 
-

C THIS 1 INDS THE MAiN PEAK OF FF1
X~ PKFt-T(1J
MPKFT I

J 2 ~ KK .J Th IS PAGE IS BEST QUAI.iITT P AQTL0M~~
XI GO TO ~2

X Y
MPaKFT PKFNU ( ,J)

; dl CONTINUE
C TIllS t-INDS THE PHASE ANGLE OF THE MAIN PEAK OF FF1

_ _  _ _ _ _  _ _  _ _  •~~~•_~~~~~~~~~~~~~~~
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IAt-’:Mt~’KFT

lIP )
Li i:FiY (IIPI
WRITEI6,87)

d7 FOF~MA1 (1HO, ’Y (iIP)’ .12X, ’FIY (TIp) ’)WhITE (6,88) (ZOl.ZTI)
FUt~MA1 (Gl2.7.4X.Gi2.7)PhAGL~ ATAN (I IY (11P /Y (IIP) )*~~~o,O/pTwN1TE (6.83)

ti3 FORMAl (1110. ’MPKFT’,12X,’PHAGL ’)
WRITE (6,84) (MPKFT, f’HAGL )

ki4 FORMAl (G12.7 ,4X’612.7)
It- (IJV .61. 1.0) G~ TO g19
PHUL Y PHA GL

919 CONTINUE
117 CONTINUE
C THIS FINDS THL FRL~ ,jENCyFhLO~~(MPKFT

)/1 (G+F)sOT )
C THIS FINDS Tilt. PHASE SHIFT OF MAIN PEAKS

PASDF ~ (PHDL’t—PHAGLC TIIIS PROTECTS AGAINST INVALID ACOS ARGUMENTS
MN(3MT~~(PASUt- *~ LS/FKEQ)/(DAHY*36O.O)t3V~ AA S (ARGMT )
1F BV .LT. 1.0) Go TO 40
AN1,LE 999 .99
A TARG ~ 999 199

P I tjAE~ 999.99(,O TO ‘42
‘+0 AN (,LE~~(ACO51BV ))*136Q 0/(2*P1))

Al ~MT~ (PHSF ~ VLS*SPU)/lDARY*3~ O. 0)t3Li~ Ai3S (A1AMT)
IFIAB •LT. 1,0) GO TO 143

A I MRG~999.99P1 MGE 999.99
(30 10 42

143 A 1ARG (ACOS (ATAMT)1s (360,O/ (2*PT))
Pl~~AE ( (ATARG ANGLL)/ATARG)*100.0

‘+2 CONTINUE
wRITE 16,326)

326 FORMAI(1HO,’FFT WiTH S/N = 1/INS’ )
*K1TE(b,327) AjNS

~27 FUKMA1 (G13.b )
williE (6,323)

~23 FOHMA1 (1HO .’ FREQULNCY’.5X.’AVG PHASE SHIFT’,SX, ’ACTUAL PHASE SHTF
IT’ .5X. ‘ANGLE TO TARGET’ ,5X. ‘ACTUAL TARGET ANGLE ’ .5X. ‘S TARGET ANGL
/E LRR UI1 ’,/)
WKITEI4.3214) (FPE(I,PASLIF,PHSF .ANGLE,ATARG ,PTGAE)

24 FUkMATIGl2 .7 ,5X.G1~~.7.6X,G12,7,l1X.G12.7,8X,Gj2.7.13X,Gl2.7)ST~ PEND

~~~~~ ~~~~~ ~~ ~~~~ ~
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SUIJROUTINE NuFFT(KE~
)

4 COMMON/HOOK/XNEAL11O24),XI~~~1,(102’4
)

NU KE
N

~
2**NU

N~ 1 N0— 1

6o°ioo L 1.”u
102 DO 101 I:1.t~2P~~lRI IH (g/2**NUI.NU

)
ARo b.2831135*P/FLOAT (N)
C~ cOS’ARG )S SIN (ARG)
K1 K+L
KLN2 K1+N2
TRLAL XREAL (KIN2 )*C+XIMAG (K1N2 ) I,S
TLMAG XIMAGIK1N2) *C—XREAL (K 1N2)*S

• XNLAL (K1N2) Xi~EA LtK1 )TREAL
X1MAG (K1N2 )~~XLMAG (K1 )-TI~~~GX,(EAL (K1) Xt (EAL (K1)fTREAL
XINI AG (K1) XLMA1,IKX )+TIMAG

101 K K+1
K~ K+N~Ir(K.LT.N) (

~O TO 102
K~ 0
NO I NU 1—1

£00 N2 N212
00 103 K=1,I’ 1
l~~1BITN (K 1’NU )’1
it-1I.LE.K ) 00 TO 103

* TREAL XREAL (K)
TLMAG XIMAG1K )
XiILAL (K):XRLAL (I)
X~ MAG 1K) XIMAG (1)
Xt~EAL 

(I) TRLAL
X LMA G II ) TIMAG

103 CONTINUE
RL1 URN
END

FUNCTION thiTR(.J,NU )
J 1 J
IbITR O
Do 200 I:1,Nu

I u I T R 191TN*2 ~~~(J 1 2*J 2 )

~.O0 J1 .J2
Rt~TURl* .
EI~1L

THIS PAGE i~ REST ~tThIilTT ~~~~TIO~~~~
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